Introduction
Telestroke programs are a means to reach out to patients who are eligible for intravenous thrombolytic therapy but may not otherwise treated because of lack of immediate access to neurology expertise at their respective community hospitals. The accuracy of telestroke evaluated rtPA-treated patients compared with bedside evaluations has been investigated extensively. [1] [2] [3] Findings of no significant difference between the 2 approaches justify that telestroke evaluations are indeed effective in accurately diagnosing acute ischemic strokes. Telestroke technology supports the safe use of intravenous rtPA with emphasis on effective treatment strategies. Such strategies have been optimized at both the hub and spoke sites to promote the accuracy of stroke diagnosis in patients receiving rtPA via telemedicine. 4, 5 The diagnosis of acute ischemic stroke in telestroke-guided rtPA-treated patients is based on the accuracy of video and teleradiological evaluations of brain scans. 6 This ensures that physicians make appropriate treatment decisions with good treatment outcomes. 7 The accuracy in treatment decision-making strengthens the ability of telestroke programs to improve the rates of rtPA administration in stroke patients. 8 Treatment outcomes in telestroke programs have been favorable and consistent with good expectations in several studies. 9, 10 However, specific functional outcomes in patients receiving rtPA via telestroke technology are not fully understood.
Functional outcome data are necessary to further ensure that telestroke medicine can reliably and effectively improve the rate of rtPA in the treatment of acute ischemic stroke patients. 11 A functional outcome study is necessary to identify baseline clinical variables that are associated with rtPA treatment in a telestroke setting. For instance, if a specific clinical or demographic factor is associated with improvement or no improvement in thrombolytic therapy, that particular risk factor associated with thrombolysis efficacy may not be present in the same proportions among rtPA-treated and rtPA-excluded stroke populations. Our first objective was to identify various risk factors within rtPA-treated stroke populations and determine whether these risk factors differed between rtPA-treated and rtPAexcluded stroke populations. Because rtPA-treated patients do not present the same clinical variables in a telestroke stroke population, our second objective was to determine whether the interaction of different baseline clinical variables with rtPA treatment is associated with improved functional outcome using retrospective data of acute ischemic stroke patients from a telestroke registry.
Materials and Methods
The goal of this study was to investigate functional outcomes associated with rtPA treatment of stroke patients and identify clinical variables that are associated with functional outcomes 
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in telestroke-facilitated rtPA treatment of stroke patients. This study was approved by the Institutional Review Board of Greenville Health System (GHS) institutional committee for ethics. Retrospective data collected from the GHS telestroke system (Neuro-Direct) were used. Charts were reviewed manually to extract variables from the registry. Patients treated at the telestroke spokes between October 14, 2014, and June 25, 2016, included 559 telestroke patients. Out of this, 454 had a final diagnosis of acute ischemic stroke, 343 presented within the 4.5-hour time protocol for rtPA administration. Of these patients, 36 were excluded because of contraindications and 307 were treated with rtPA. Reasons for exclusion include mild stroke, clinical improvement in symptoms, too mild or rapidly improving symptoms, failure to meet 4.5-hour time protocol, emergency department referral delay, and significant comorbidity such as hemorrhage on computed tomography (CT).
Data were collected from patients with signs and symptoms of acute ischemic stroke and those who used telestroke technology within 4.5 hours of symptom onset. Chart review identified patients who were diagnosed with CT for radiological interpretation of intracranial hemorrhage. Baseline data including demographic characteristics such as age, sex, race, and ethnicity were collected. Clinical variables including National Institutes of Health Stroke Scale (NIHSS) score, history of hypertension, diabetes mellitus, atrial fibrillation, smoking, substance abuse, and alcohol use were collected. Ambulatory outcomes associated with acute ischemic stroke after intravenous rtPA administration were also documented. Ambulatory ability prior to the current event, at admission, and at discharge was determined. Patients were assigned a score (0-3) based on the following possible respective outcomes: undocumented (0), unable to ambulate (1), able to ambulate with assistance (2), and able to ambulate independently (3) . Changes in ambulation were tracked from admission to discharge to evaluate potential risks and benefits of rtPA therapy in stroke patients.
Data analysis
All statistical analyses were performed using SPSS Statistics Software version 15.0 (Chicago, IL, USA) and a P < .05 was used to establish statistical significance in all comparisons between groups. The data set of acute ischemic stroke patients presented via telestroke was divided into 2 groups based on administration of recombinant tissue plasminogen activator ("rtPA group" and "no rtPA group"). The data set was further divided based on functional outcome as measured by improved ambulatory status ("improved functional outcome") at discharge compared with the time of presentation. Patients' ambulatory status was used as a metric to measure functional outcomes in rtPA-treated patients. The reliability and validity of ambulation as an assessment tool for functional recovery in the mobility of stroke patients is well-documented in the literature. 12, 13 The study assesses recovery progress in each patient and determines efficacy of rtPA therapy on restoration of functional mobility. Independent ambulation was evaluated and used to develop a model for functional outcome. This is important considering that recovery of upper or lower limb motor impairment after ischemic stroke may be proportional to the degree of recovery in affected corticospinal tract and general motoric functions after stroke. To compute functional ambulatory improvement, a new variable was defined from the existing data. If there was improvement from the time of admission to the time of discharge, a value of 1 was given, if there was no improvement, a value of 0 was given. This was used to build a model for improved functional outcomes for stroke patients that received rtPA.
Descriptive statistics were calculated for the demographic and clinical characteristics of patients in each group. For all continuous variables, the mean, standard deviation, and range were calculated and presented in Table 1 . Comparisons were made between the group of patients with improved functional outcomes and the group of patients without improved functional outcomes using 2-tailed, independent sample Student t tests (parametric test). For all discrete variables, the number of patients and percentage of patients in that category were also calculated. Comparisons between the improved functional outcome group and the no improvement group were made using Pearson χ 2 analyses (nonparametric test). A binary logistic regression was performed to further explore clinical variables that were associated with improved functional outcomes within the acute ischemic stroke population (rtPA and no rtPA). The results of this multivariate analysis are presented in Table 2 . A stepwise binary logistic regression was performed with variables added to the regression model on the condition that P < .10 for that particular variable. This was used to determine the factors associated with improved functional outcome in the rtPA-treated stroke population and in the telestroke population who did not receive rtPA (Table 3 ). All 3 binary logistic regression models were further tested using a HosmerLemeshow test, overall correct classification percentage, and the area under the receiver operating characteristic (ROC) curve for score prediction. Multicollinearity and significant interactions between independent variables were examined using variance inflation factors.
Results
Demographic and clinical characteristics of rtPA-treated patients with improved functional outcome were compared with the no improvement group (Table 1 and Figure 1 ). Of the 36 patients who did not receive rtPA, 66.7% experienced improved functional outcome. Of the 307 patients who received rtPA, 72.3% experienced improved functional ambulation. In the subset of the population who did not receive rtPA, univariate statistical analysis reveals statistically significant differences between the no improvement group and the improvement group in 9 clinical characteristics. Patients who experienced improved functional ambulation were more likely to be obese (58.3% vs 16.7%), more likely to have had a previous stroke 
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Body mass index , have a lower calculated NIHSS (5.3 ± 6.7 vs 11.6 ± 9.6), and were more likely to be taking an antiplatelet or anticoagulant (100.0% vs 83.3%). Patients who experienced improved functional outcome in the no rtPA group tended to have a better ambulation status at the time of admission. In the no rtPA population, the improvement group was less likely to be more than 80 years of age (8.3% vs 58.3%). However, this apparent difference between groups could not be demonstrated when age was treated as a continuous variable. In the subset of the population who did receive rtPA, univariate statistical analysis identified all the variables that were statistically significant between the clinical characteristics of the no improvement group and the improvement group. The improvement group was younger in age (61.2 ± 14.7 vs 71.6 ± 11.0) years, more likely to have a history of substance abuse (5.4% vs 0.0%), more likely to be obese (58.6% vs 44.7%), more likely to have had a previous stroke (27.0% vs 14.1%), more likely to be a smoker (31.5% vs 20.0%), and less likely to have atrial fibrillation or atrial flutter (7.2% vs 17.6%). The improvement group's laboratory values at the time of presentation tended to show lower total lipids (6.3 ± 1.7 vs 6.7 ± 1.9), lower blood glucose levels (123.9 ± 65.0 vs 151.3 ± 84.3), lower creatinine (1.0 ± 0.5 vs 1.1 ± 0.6), and a lower international normalized ratio (INR) (0.7 ± 0.5 vs 0.9 ± 0.4). The improvement group tended to have a lower calculated NIHSS 
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Multivariate analysis revealed that a past medical history of obesity (odds ratio [OR] = 3.338, 95% confidence interval [CI], 1.471-7.572, P < .05), previous stroke (OR = 1.065, 95% CI, 1.222-6.888, P < .05), and a higher systolic BP at the time of presentation (OR = 1.020, 95% CI, 1.004-1.036, P < .05) was associated with improved functional outcome in the population of telestroke patients. However, a higher calculated NIHSS (OR = 0.911, 95% CI, 0.871-0.953, P < .001) and age (OR = 0.902, 95% CI, 0.862-0.944, P < .001) were not associated with an improved functional outcome in acute ischemic stroke patients (rtPA and no rtPA) who were treated in the telestroke unit ( Table 2 ). The ROC curve associated with prediction of functional outcome for acute ischemic stroke population in the telestroke is presented in Figure 2 . In adjusted analysis and elimination of any multicollinearity for patients who received rtPA, obesity (OR = 2.138, 95% CI, 1.164-3.928, P < .05), higher systolic BP at the time of presentation (OR = 1.015, 95% CI, 1.003-1.027, P < .05), and baseline highdensity lipoprotein (HDL) (OR = 1.032, 95% CI, 1.005-1.059, P < .05) were associated with improved functional outcomes. By contrast, increasing age (OR = 0.940, 95% CI, 0.916-0.965, P < .0001) and higher calculated NIHSS (OR = 0.903, 95% CI, 0.869-0.937) were associated with a poorer outcome in rtPAtreated patients (Table 3 ). The ROC curve associated with prediction of functional outcome for rtPA-treated acute ischemic stroke in the telestroke is presented in Figure 3 . It is also important to point out that the effect of previous history of stroke was not significant (P > .05). Systolic BP (OR = 1.013, 95% CI, 1.000-1.025, P < .05) was slightly associated with improved functional outcome after adjustment and elimination of any multicollinearity for the stroke patient population who did not receive rtPA (Table 3 ). The ROC curve associated with prediction of an improved functional outcome for patients who were excluded from rtPA is presented in Figure 4 .
Discussion
This study characterizes functional ambulatory outcome in rtPA-treated patients evaluated with telestroke technology. There is a general trend to report stroke outcomes using a global functional outcome measure such as the Functional Independence Measure (FIM), 14 the Barthel Index, or Modified Rankin Scale (mRS). [15] [16] [17] The practice of using one global outcome measure is beneficial, especially in providing means of comparison. Physical abilities and disabilities experienced following discharge after treatment with rtPA are of major significance to clinicians, 18 the stroke patient, and family members. Moreover, ability to walk indoors without assistance is an important component of independent living at home, with or without the assistance of family members. It has several advantages in revealing a series of clinically useful outcome measures, 19 standardizing stroke outcome measures by revealing significant improvement in stroke patients' performance, 12 and documenting recovery following stroke treatments. More specifically, it reveals considerable residual mobility problems after treatment 13 with rtPA. In the rtPA-treated group, patients in the improved functional outcome group were younger in age, more likely to have a history of substance abuse, obesity, previous stroke, and were less likely to have atrial fibrillation. Lower values for NIHSS scores, total lipids, blood glucose levels, creatinine, and INR were also found among rtPA-treated patients. The initial NIHSS score prior to treatment with rtPA is a strong predictor of treatment outcome and is used as an evaluation tool to assess the efficiency of rtPA treatment. 20 In this study, most of the rtPA-treated patients who presented with improved functional outcomes were younger, had history of smoking and a previous stroke (more than 3 months), were obese with history of substance abuse, and had lower values of other risk factors. This result indicates that the severity of stroke by itself does not provide an explanation for the observed functional outcome in treated patients, but several clinical factors are significant as well. 21 Moreover, the lower values of NIH scores observed in this study have been reported for other telestroke programs. 22 The adjusted analysis controlled for age, sex, and clinical stroke severity; our result indicates that patients with a past medical history of obesity, previous stroke, and a higher systolic BP were associated with an improved functional outcome in rtPA-treated patients. In general, the effect of obesity and prognosis on cerebrovascular disease is contentious. Many studies suggest an "obesity paradox," a better prognosis in obese patients after stroke. 23 Although obesity is an established risk factor for stroke, its influence on clinical outcomes in thrombolytic therapy for acute ischemic stroke is still under debate. One major argument against the obesity paradox is that studies which support the obesity paradox did not adjust for stroke severity, 24, 25 resulting in an inverse association between body mass index (BMI) and stroke severity. The initial stroke severity was presumed to be an intermediary between levels of BMI and poststroke mortality, contradicting the existence of obesity paradox. 23 Our finding that rtPA-treated obese stroke patients were more likely to be associated with an improved functional outcome is consistent with studies that did not use telestroke technology. 26, 27 It is possible that clinicians treat obese patients more aggressively than lean patients, due to assumed increase of vascular risk, 28 resulting in improved outcomes after thrombolysis.
After adjustment for multiple baselines, patients with a previous history of stroke of more than 3 months who received thrombolytic therapy were associated with an improved functional outcome. Although thrombolytics are contraindicated in patients with recent stroke or any previous hemorrhagic stroke, 29, 30 our finding is supported by another study 31 that found patients with no recent history of stroke experienced better outcomes when treated with a thrombolytic therapy and were not at increased risk of major bleeding complications. However, previous stroke is also a predictor of cerebrovascular complications 32 due to the increased risk of poor outcome. Therefore, patients with a history of previous stroke (more than 3 months) in this study benefited from application of evidence-based interventions including aspirin and statins. These are unlikely to have a poor risk-to-reward ratio. 33, 34 This most likely resulted in more patients with a previous history of stroke who received rtPA in this study with an improved functional outcome. Therefore, the result of this study may support further discussion to reconsider exclusion of acute ischemic stroke patients with a previous history of stroke from receiving rtPA, as previous studies indicate that patients with a history of stroke would have worse outcomes, more bleeding, and be less likely to receive thrombolysis. 35 Apart from obesity, and a previous history of stroke, BP was also associated with an improved functional outcome. The ideal targets for the control of BP in patients with acute ischemic stroke are not clear, as many observational studies revealed a correlation with poor outcomes. 36, 37 These studies reveal poor outcomes with either very high or very low admission BP. Our finding that a higher systolic BP was associated with an improved functional outcome in rtPA-treated telestroke patients is supported by a recent finding that systolic BPs after thrombolytic therapy are associated with improved neurological outcomes. 38, 39 A recent study found systolic BP to be the most influential BP variable that significantly improved the prediction of functional outcome in neurological care. 39 Several studies have been helpful in describing the natural history of BP changes following acute ischemic stroke. 40, 41 Findings from these studies support our result that a predictor for an improved functional outcome in rtPA-treated patients during the acute phase of BP control is the systolic BP. 42 The association between stroke and elevated BP on admission as well as during hospitalization has prompted several studies to determine whether BP control in an acute setting would improve outcomes in a stroke population.
The effect of HDLs was not significant in the univariate analysis; however, after adjustment, stroke patients with high HDL were more likely to be associated with improved functional outcome following treatment with rtPA. High-density lipoproteins are used as a neuro-and vasculoprotective treatment in acute ischemic stroke patients. 43 Apart from the known action of HDL in reverse cholesterol transport, HDLs have anti-inflammatory, antioxidant, and endothelial protective effects. 44, 45 Furthermore, the beneficial actions of HDL do not interfere with the fibrinolytic effect of rtPA. 43, 46 In our study, a higher baseline HDL at admission for rtPA-treated patients was associated with an improved functional outcome in our telestroke patients. This finding supports the emerging role of HDL as a potential target in the care of stroke patients. In the adjusted analysis for the rtPA-treated patients, higher NIH scores and old age were associated with poor functional outcome, whereas a past medical history of obesity, previous stroke, and a higher systolic BP at the time of presentation was associated with improved functional outcome.
Many limitations must be considered before interpreting the findings of this study. Our data are retrospective and did not indicate time of stroke or differentiate between stroke subtypes, including hemorrhagic and ischemic strokes. Moreover, our analysis is restricted to patients without an identified contraindication to a specific procedure or medication. Furthermore, thrombolytics may have been knowingly withheld from patients with known, but unrecorded contraindications. Our study is classified as a single institution study, and it is possible that a selection bias could have affected the selection of patients. Not obtaining ambulatory data at 90 days after treatment is also a limitation. Moreover, patients with a history of stroke were considered a contraindication for rtPA, whereas ischemic strokes of more than 3 months were not. The strengths of this study stem from the fact that the registry used is a large telestroke center designed to improve stroke care in rural settings. For this reason, this study is equipped to determine functional outcome in rtPA-treated patients. Major contributions of this study to existing literature is (1) the identification of clinical and demographic variables that are associated with improvement and no improvement in the treatment of acute ischemic stroke in the telestroke registry and (2) the ability to use functional ambulation as a tool to measure functional outcome in a population of stroke-treated patients within the telestroke setting. Although a recent study 47 reported no difference between no telestroke and telestroke in favorable clinical outcome at discharge and 90 days later, there was a significant decrease in the onset-to-treatment duration in the telestroke group. This finding supports our current study that telestroke is more likely to be associated with an improved functional outcome in rtPAtreated patients.
